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PROCEDE ET INSTALLATION DE FORAGE ET DE CHEMISAGE D'UN 
PUTTS, NOTAMMENT DUN PUTTS DE FORAGE PETROL I ER, AU 
MOYEN DE TRON£ONS TUBULAIRES ABOUT ES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

U present* wvenuccccs>cen*unp^ 
potammeni uo puits de forage pftroticr, so moycn d*un ensemble de troncoos tubulaires 

- ou preT ocmes - nmilairea. imtulemeat soupfca, aptes a toe replteea loagitudin«lanaU 
«urell€»«toci pour toe totred^ 

5 reffd d'une pitsstoo interne pour prendre uae fonne cylindriquc, ct enfin ft tot 
rigufiftees psitu par poJymenratioG de leur peroi, IVncombtemenl transversal d'une 
preTonne repute fent de dimension maximale semiNeineni iafetieure I too diemtoe 
interne ft reHxtdeplie; ct lesdites preTormes passenant one portion d'extretnite* doot le 
diametre - aprts depiiemeat - est Idgeremeot supencur 4 oclui de U preTorme, oe qui 

10 pennet leur jonctioo bom-a-bout par embeftement. avec rtcouvrement de iadite portioo 
d'extttmi*. 

Aiasi. en recourmat a ce type de preTorme, qui est connuc en soi 

- nocamment par le document WOA-94/21887 * il eat poaaible d'obtenir ua c honis a ge 
d'un diametre coolant sur toute Utonguenrdupmta. 

15 A cat egard. U convieot de nppeier qu'avec des chemisages (ou tubages) 

tiaditiooncU conatitues par dea tubes en aoer. an est oblige - d*utUiser des troncons 
tubuUirejtclcacopiqre.aa^ 

dea problems d'instailatico et d'enqtatatioo uHeneure du puts. 

L'objectif de riavcotion est de proposer un proceed de forage et de 
20 chemisage du puits, i I'aide de prcTonnes du type meattonnd ci-deesus, qui puisse tort 
mis en oeuvre de maniete simple et rapide, k fable coflL 

ftour cctft. et ccafonn* mem a 1 'invention, on commence par mettre en 
^aceun premier traicn^ 
troncwdtantlcain^ventobas. 
25 U proc*S6aeko nnvennoo comprend ks aapes suivantes : 

a) on fait passer axialement, de haut en baa, a travers ledit troocon, un 
outil de forage, et oo fore au-dessous et dans le prolocgemerit dc ce troncofi an txou de 
forme etde profoodeur ■daptees pour reccvoir le troncori suivant ; 

b) oo redre Tautfl de forage ; 

30 c) on introduit uae preTorme, a Petal rcpiie\ k rinteneur du puits en b 

faisant traveiser le troocon d£ja en place, et on la positioone coovenablcment 4 l*iflt£ricur 
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du trou, sa portion d'extrcmitd haute vetuwt se placer a rinteneur dc U portion dex- 
ue^teelargkantroocou; 

d) on introduit un anient fluidc au Tood du trou, autour de ta portion 
d 'extremity basse de b preTonnc ; 
5 e) on introduit un flinde sous prcssion, de densite* supcnciun a la densite* 

du dment, a rinteneur de U prcTorme afia de la deplier radialement, progressivement de 
bascn bant, en refoulant le dment, c*galement dc has en haul, autour de la preTorme, 
centre la paioidu trou; 

0 toutenmaimenant la prcTorme sous prcssion interne, on en chaufle la 
10 paroipourlapolymenscr; 

g) le dment ayant pro, et la prcTorme ayant durct poor consumer un 
troogon tubuWre rigkfte dc chonwge, c« icnre axlalemcnt to 
gonfiageetaUpdymerissiion 

b) on rdtere I'opention pour let troncoos siiivants, jusqu'a obteair la 
15 longuenrdepuitscheniirfsouhajlee. 

Lorsqne, comme cda sera expUque* plus loin, la prcTorme presenle des 
reserves dc re&ne aptes a migrer vers l'exteneur pour former des venous aimulaircs 
d*6aachdte\ le posinooncmeni deces venous est realist an de^ 

De maniere paruculiercmcni avantagcuse, on utilise un outit de forage da 
20 genre trepan, apte a coaiperselecti 

premier** d'eucombremeat minimal, lui penncaant de passer iPiioeiicurdu troncon 
deja en place, un second dlat, d'enccsnbrement intenn^ 

pincipale du trou et un troisieme etat, d'encombremcnt maximal, pour le forage de la 

parte du trou destinec a recevoir U portiou dsrgie de la preTorme. 
25 DansuniacdederealiianOT 

a la polymensation de U preTorme, ainst qu'a la distribution du dment, comprend unc ifte 

acViuble valve place* en 

fluide de goiuTay aHiilenew 

L' installation de forage et de chemisage. qui fait egalement panic de b 
JO presente mveimon, servant a U mise cn oe^ 

qu'dle comprend, en tele de puts : 

. une bobine de stockage et de reception, a Teot enrould, de ladite 

preTorme ; 

- une UHc surptotnbam reatree du puiu, apce a pennettre le guidage et 
35 I'uitroduction, dans k puits, deUpreTormect des mfTerents outfflagea servant au forage 
du puits ainsi qu'an goofUge et a la pol ymenBaUon dc la preTorme ; 
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• det bobinea de atockage a I '«at eoroule* de tubes mdalliques dasoque- 
me&tdeTonnablesapCet I faiir descends 

de ces tubes coatenant un dWe servant a ralimeoution de la preTorme en courant 
dectrique; 

• uo generateur de courant electrique. 

D'auires caiactensuqucs et a vantages de I 'invention apparattront de la 
description et des dessins annexes qui en rcpresentens, a simple titre d'cxcmples son 
limitatfsunnwc^demireenoeuvrc 

Surccs dessins: 

- let figures I a 4 soot des vues sdsemaliques, en coupe axial e, montrant 
tcs differences topes de roperadon de forage de la parte de puts qui doit reeevoir la 
prfformc; 

- la figure 5 est une vue schcmafcque d'une prtfc^et*roataiagedont 
die est sottdaire, avant mm en place, dans le putts; 

- les figures 6 et 7 stmt des vues partieUes de I'ejdrdmit6 basse de la 
preTorme, destinies a itlustrer le principe de la double valve dont cat pourvue U tftte 
d'outiltage; 

- les figures 8 a 15 lUustitnt les differs 
pieTornieauboutd'un&xwcOTde^enpUKe; 

- la figure 16 reprcsente schemauquement, en coupe axUle, un poits 
ctauisd par ticis troocoos coexiaux sJbouics ; 

- la figure 17 est une vue schemanque montrant les cafferenu malenels 
coosntuufsde ftnstallanon, situeseo surface (teHede puits) ; 

. les figures 18 130 -a echcile plus petite - iilustrent le fooctiocnenient de 
KinstaUalion au court des dilTercntes Stapes du chemisagc. 

La figure 1 reprcsente reatreniite basse d*un puits vertical en cours dc 
focageetdechanisagcO puits, incompletemeot fore\ comporte un chemisage deja en 
place sous forme d'untube cyli ndrique rigxJe 2 presentant une portion d'extrcmiu? basse 
206argle. 

Lediametre D decctte paitie 20 est lfgemnent pi iu grand q^lediaroto 
d de la partie prindpele 2, u bien cnTil est possible d'embotter les tms dans les autres des 
troocoos 2, avec recouvrement des parties d'extremite* 20. 

U troocon de chesnisage 2 est sce(U 

que 200. 

Nous aliens maintenant decrire de quelle maniere va ttre mis en place. a 
l'aidedu proceed de r invention, le troncon suivant, destine* attic about* au troocoo 2. 
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Pour cda. comroc illustrt* aux figures I k 4, on commence par forer un 
uou destine 1 a rccevoir ce ticnoon. 

A cet efTet on utilise un outil de forage 1, du genre trepan, qui a la 
particularity de pouvoir etre iftractf on dilate* radial cm cac, dans trots tuis d'encora- 
bccmemduTereats. 

Dans un premier 6au illustrt a la figure 1, routil est rttiac* au maximum 
de telle maniere que sa plus grande dimension trawvemle autorise son libra passage a 
I 'Interieur du tronooo 2. axialemenl k traven cdui-cL 

Duns cet cutf, eon enoombrement est dooc plus petit que d. 
De mamere connuc, routil de forage 1 est fixe* a rextremi* d'une age 
mbuUire 10, qui parte le moccur d'eatratncmcnl (non represent*) de Pouttl en rotation, et 
Icsorgaiiesassurantsonde^cacmcmousa 

Comroe on le vena plus loin, la tige 10 est montee a rextremite* d'un tube 
n^talltquc ante k toe enrouU sur un tambour recepteur dispose* en surface, en tfcte de 
IS puits. 

Duns un second euu de denotement radial, Ulustrf k la figure 2, la parte 
ooupante 12 de r outil posaede un duunetre de travail sensibicmcutegal aD. 

L'outil ayant tot deaoeudu axialement dans le pints, a tracers le cubage 2 
deja en place, on pcovoque ce denotement radial au cfiametrc D lonqu'tl est arrive a 
20 lUnterieurde la portion cla^ 

vantsadeacentecommeiUustrf parlaneche F|^a la figure 1. 

On rttlise afesi le forage d'un trou cytiodiiquc aa diamctre D, coaxial au 
trco$cei2,dauskprolorujemem 

La profoodeur de forage correspond k la longueur du troncou que Ton 

25 souhaiteraettre eo place. 

L'ouUl I poufete des orgaoes dc coupe addiuoonels 11 qui peuvent toe 
employes radialement a un diamctre superieur a D. aTin de pouvoir recevotr la portion 
Aargie du trancon a meora en place. 

Comme illustrt k la figure 3, par lemontee de I 'outil scion P3, on realise 

30 trimi mi rtM gTT*—* ** rit> tm " 3 wr "ue certaine hauteur. 

A lafigure4onade^gn^parUreTerBnoe30UpaToi deUpaftieprindpale 

auux)u3, parUre1eteaoe31 Upaia 

basse dutrou, dent le diamctre D est le ineiiie que cdui de la partie 30. 

La preTocme 4 representee schematiquemettt4Uriguw5e^ 
35 general que cdlc dtaitr en derail dans 1c WOA-94/21887 deja duL 
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Ndtnmoiis, die est ddpourvue dans n panic basic d'un organe obturateur 
gooflable, du fait qu'c* a tfTtire a un trou borgnc ; de plus, U preforme 4 possede une 
portion d Vxtremite* basse 40 dc section £*J?ic 

Uprtfonnc 4 «t support^ par unctigc tobulaire 5 en atier. enroolaWc 
5 sur un tambour de itocxnge xitue* en surface, ct qui permct dc la faire descendre 4 
I 'interieur du puits. tt dc hii fourair les fluides de drocnlation ct dc Bondage, ainsquc 
reaergie clectrique poor la pdymeVtsaoon de la preTonDe, par 1'intenncVfiaire d'un 
dtspodtifde ncoofdeoeat 500 leWaun conduit c*mnd (axial) SO dispose* a I'mterieur de 
la preTonne ct ic racoordant cn paxtie baste de cdle-d fcune t£fie de distribution 51. 
10 Cetypeckuf^d'aderenrw^ 

per Le terme anglais "COILED TUBING" - en abct^C X.T." 

Comme ceUest cJecrit dans lc WO-A-94/21687 deja ctte\ la preTorme eat 
obcurec a sea extremites hauic ct basse, dc maaiere etancbe, par des maachoos arracha- 
blet el/ou decoupubiei en fin d'apenlkn. 
IS U lite difltributrice 51 possedc une double valve 52. 53. actionnable 

select vement (dcpuU U surface), 

Comme illuatre* aux figures 6 et 7, U valve 52 permct dc diitribuer un 
nukfedcgonnajeaTinten^ 
distnlwcr un dment flu^ 
20 Comme iflustrf I la figure 8, la preTorme 4 - qui se trouve uudalanenx k 

I *6w radiakment replie* - est deacenduc dans Ic trou 3 axalcroau, du haut vert lc bu, * 
travert le troncon de chesntage 2 dejaca place, 

Bien cntendu, pour que coci toil poaaiUc, U cat i^ccasairc q« I'cncon^ 
btenrnt transveisal de la ]9ftTc«n^ 
25 dejlicc,quic<tte*po^ 

Lotsquc li preforme est repliee rar eUe-mexne, eile presente uoc section cn 
"IT ou en forme d'escargot - comae Must* par exemple aux figures 6A ct 6B, 
reapectivement du document WO-A -94/256S5 ; lorsqu'eUc est depliee eUe pretente une 

section cifculaire. 
$0 UfaWcaiw4cstpoamccncedans^^ 

d'extiemitf plus large 40k trouve cn regard uc reUiptaemcntdc puiti31 ; la longueur 
du trou 3 est d6terminee pour que. dans cctte position, la portion supencurt de la 
pieTc<xncsclrouveenregaid^ 

OnprocedealOTannjectic^ 
35 preTorme, via la valve 59 (fitches J, figure 9). 

Le amort est choisi pour avoir une density voisine - voire legeremeut 
supexieure-cfccdledeUbcnieU^ puits. 
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L'arrivee de ciment a la base dc U preTorme cnasse doric cettc boue vers le 

hauL 

Comme illustre* a la figure 10. oa precede ensuite au gonflagc dc la 
preTorme, en injectant ua fluidc sous passion a rinterieur dc celle-cJ, vU la valve 52 
5 (flecnesl). 

H s'agit wit d'un liquide introduit de Kextcncur (depuis la fee de puits) 
par le conduit 5 dans la preTorme. soit d'un liquide (eau. boue ou parole) present dans le 
puits ctponip* dans U preTorme. 

Le liquide de gonrtage est avantageusemctit dxoia pour avoir unc densite* 
10 icgerememstifjcrieurea^ 

gonflage va ae faire progrcasivemeot du bas vera le haut, com me rymbotis* par les 
rtedKsCaU figure ia 

A deTaut, la progression du gonflage du bas vers le haul peut etre cantrdlec 
en prfvoyant. le long de Ia preTonnc, une serie de bagucs de contention frangiWes. dont 
15 le seuil de rupcure est adapfe k cc sens de progression. 

Le ciment est par consequent refouM cgaleraeiu de bas en haut contre la 
paroi du puits, commc symboisse* par la Heche H. tandis que la boue 7 se trouve cnassee 
vers le haut 

De preference le volume de ciment penphenque n'est pas suflisant pour 
20 attemdreUpartie haute deUpr^ U aiso n s a n s ciment dans 

UionedejoncD'ooentreles portions dVxtremii* des deux tioncoiis 2 et 4 (vcar figure 

H). 

De pitference. U ixttorme 4 posset 
csaud, prise en sandwich entre une pean inteneure et une peau cxterieure eTastiques, et 
25 munie, cote* interieur, d'une reserve contenant de la reane apte a migrer vera I'extenew 
pour former des bourrelets annulaires ravorisant 1'ancragc et 1 *etocne*iu< du tubage contre 
la paroi du puits. 

Une preTorme de oe genre est decrite dans lademande de brevet francais 
94 08691 depoace le 7 juillct 1994 par la demanderesse, et dans son extension interna- 
30 liocale PCT/FR 95/00902. 

Ccs venous annulaires, repartis lout le long de U pieTorme scat itTereuoes 
9 ; de preference il est prlvu une density plus grande de venous (e'est-a-dire un 
ecartemem plus fsible entre 

maniere a assurer une bonne euncheu* dans la Uaison bout-a-bout des different* 
35 troncons. 

Le chauflagc et la polymerisation de la preTorme sont realises une fois le 
gonnageternunc\Upressto 
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A litre indkauT, U preside interne est de Tordrc de 15 bin. 

Le chaufTage de U pctYorme peut sc fairc foit en introduiwit un fluide 
cfcaud a I 'intcrieur do la preTonne, icit par reaction ctimiquc exotbennique, soil encore - 
de preTc'rence - par diet Joule, au moyen de resistances llcctriques (fill chauffanto) 
5 disrweecsdaiisUperd*^ 

dectrique depots la te de pui to, via la ti ge - "Cokrf Tubing" -& 

A Utre uxficatif. la temperature nte«aireaUpdym«$atioft€Mdero^ 
de 110 a l40^.ctUdurecdeeette&apecstdel^x^ 

Lorsque la pdyniensaoon des venous 9 et de la paroi de preforms est 
10 terming el que le dmeot 6 a fait aa priae (figure 12). oo retire Toutillage 500. SO. 51 
(fltcbeK, figure 13). 

On instalie alora un ouol de coupe (501) a rextrernite 4 du tube 5, et on 
decoupe le maochoo dtfancueltf de rextrfmlte- haute de la preTonne (jpolymerisec) 4* 
(figure 14). qu'on anache ensuite. On opere de la mCme maniere pour le maochoo 
15 inTeneur. 

Cm obuentalorsun trance 
inettlembage precedent 2 (voir figure 15). 

L f operation qui vient d'tae decrite est bien sOr rfiteree, troncon apres 
troncon, afin d'obmir ta prcTondeur de putts chemise* souhaitee. 
20 Dans unn*>dede realisation^ 

compose a 30% de resine epoxy et a 70% de fibres de verm, cettc tme avast une 
dpelsscur de Tordre de 14mm ; lea peaux inteneure et extcricure, en caoutchouc 
synthtftique, respecti veo^ u^ 

A dtre indicatif . la portion principale de la preTonne 4 possede. a Tdtat 
25 depbl. un diametre inteneur de I *ordre de 140mmel undiametre exterieur de Tordre de 
184mm, tandis que la portion elargie 40 possede un diametre inteneur de Pordre de 
188mm et un diametre cxtencur de Toidrede 236mm. 

Lea portions 30-32 et 31 du puita ont dea diam^trw mcyens dc r ordre de 
197mm et de 244,5mm, respecn vement 
30 La longueur dea miTercnts troncons peut nateeflement tee tres variable ; a 

simple litre iadicatif, la longueur d*une preTonne peut teede 1'ordre de 500m* 

La figure 16 represent un puits F chemise* par un ensemble de trois 
troncons 2A. 2B et 2C aboutes et cimentes. 

U figure 17 represent* sd^^ 
35 quipennetdemcttjecaocuviefe 

Surcette figure, ta tate dc puits. rtTeYencec 55. estec^iipec d'une structure 
mttallique (chassis) 100 entouranl la tetede puits. 



2741907 



8 

Cede structure 100 pone un iojecteur 101 pourvu d'un sabot d'appui 102, 
etservantasuprxraetarxaro 

le pints ou retires de cdtti<i ; die se tiouvc a raplombdeTeiu^du puits. 

On a design* par la reference 54 tin tambour de stodage sur kquet est 

5 enrouiccUpieToni*;e^ 

UieTemice540de»gncunsaboCde^ 

a ('entree da puits. 

Ua icTereDoea 56 et 57 designers 

c4stocteiwr*ctivemertl« 
IQ Lb tube 560 aert * supporter eta o^placer Toutil de forage ; Ie tube 5 

(commc deja<fit) sett a supporter la prfforme. aaxnencrlea flutdes de goofiage et de 
ci mentation a la prtf orme, et i la connecter a une aource de courant electrique (pour la 
polymerisation). 

L'electrkiU est fouroie par un generaleur electrique 58. 
15 UieTereoce»de«giicuiiecabi^ 

De maittcre classique, I 'entree du puits a forer est uitiatoment garma d'un 

cuvetage 550. 

Le trepan 1 est adapt* a l extrtmite* du tube 560, lequel est deroule du 

ttabwttepteu^ 101 

20 (voir figure 18), 

On precede alors au f braga du trou. de rormo <tagec 3, deaan* a reccvoir 

lc premier troocao (figure 19). 

Apres miae en pUce 6c la prtTorme, araentmtion ct miae an rood, et enfin 
p4yro£risafton in «itu dc cdk-o. vUunccnducteur electrique 580rclidau gdnerateurS^ 
25 at retire keccduit central (50), k to 

54 (vide) stir laquelk etait initialement stockec la preTorme (figure 20). 

La prcTofme se trouvc aboufice, de maniere ftaoche, an cuvetage 550* 

On defait ensuite las connexions hydrauliquc et electrique avec la 
priforme, 00 installe et 00 acelle de maniere £taache autaur de la tete du puits un 
30 apparetOage de security ad-hoc A, ceci par une technique ccoventiooflclk (figure 21). 

A Paide de Poutil de coupe 501, porta* par le tube 5. on decoupe lea 
manchons d'aanchtftt* bant et has (figure 22). 

L*4»pe suivante coosiste a forer la section tuivante, pour obtenir un trou 
6agtf 3 pcoiougeant lc troncoo 2 (figure 23). 
35 Ensuite, on calibre ks diamctres et on vcrtfie raJigncment du troncoo 2 et 

dutnxi 3. a Taide d'un instrument appr^ 1000 (figure 24). 

On met en place une nouvdk p reTorme (figure 25). 
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On la fait deacendre dam Ic puts, ct on U porittoone convenablanent dans 
le trou 3. On la connecte au tube 5. ct on precede an gooflage, a la dmealation, eta la 
polymenaation (figure 76). 

On retire le conduit central 50, qu'on remonte et qu'on enroulc aur le 

Umbourr6xptetir54(^ 

On suspend Poutil de coupe 501 au tube 5. et on le descend |»urdecouper 
les manchons d'extremit* (figure 29). 

On obdent ainsi deux tronoons rigides aboutes 2A, 2B (figure 30). 
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1. Proofdc* pour fartr et chemiser un puits. notamment ua puits de forage 
p^trolier, au moyen d'ua ensemble dc troncons tubulaircs - on prtTorraej - siculaire*. 
iratitlement soupies. antes a toe reptiees loogitudiiukment stir elles-metnes pour toe 
introduiies dans le puits. puts a fctre depliees radialemenl sous Pcffct d'une press km 

5 intone pour prendre tone forme cylindrique, et enfin a toe rigtdifife inritu par pd yraen- 
saiion de leur paroi, reocombrement transversal d'une preTorme reptile 4 tarn de 
dimension marinade seosiUemeai inf erieure 1 son dbunctre interne a depiie\ el 
lesdites prtformes (4) potsttaot nne portion d'extremit* (40) dont le diamfctre - epres 
depticment - Wgilrancm suptteiira cdui du rcste de la prtforme, ce qui permet leur 

10 jonction bout-a-bout par embottement avec recouvrement de iadite portion d'extremitf 
(40), c*r*cx£ris6 par Ic fait que, un premier troncoc (2) ayant e*te* mis en place du cAU dc 
Tenure du puits, sa portion d'extremite* elargie (40) tournee vers le baa, 

a) on fait passer axialement, de haul en bas a Havers ledit troncon (2). un 
oun] de forage (1), etoo fore au-dessous et dans le prolongeroent de oe troncon (2) un 

15 titti(3)deformcetdeprofoiKto 

b) on retire Toutil de forage ( I) ; 

) c> on iotroduit una prtfonne (4), a t'ftat replied al'inteneur du puits en la 

faisant traverser le troncon (2) deja en place, et on la positionne coavenabiement a 
rintfrieur du trou (3), sa portion d'extremite* haute venant se placer k I' infifrieur de la 
20 portion d'extrtmitf elargie (40) du tranoon (2) ; 

d) on introduit an ctment fluide (6) au fond du trou (3), autour de la 
portion d'extntaite* basse de la preTorme ; 

e) on introduit un fluide sous pression (8). de densite* superieure a la 
densit* du anient (6), a l'intcneur de la prcTorrae (4) aTtn de la deplier iadudement, 

25 proareasivattCttlaVbesenhau^ 

de UrjrcTorroe, centre la paroi dutrou (3) ; 

Q tout en mabucnanj la preTorme sous pressioo interne, on en cbaufTe ia 
paroi pour la pol ymeriser ; 

g) le ctment ayant pris, et U preTorme ayant durci pewconsutuer un 
30 troocon tubulaire hgide de chemisage (4*) t on retire urialaneat let outillages ayant servi 
augonflageetaUpolyinensationcte 

b) on reitere rope*ratiou pour les troncons suivants, jusqu'a obtenir la 
longueur de puits chemise" souhaitee. 

2. Proc^adoo revendication 1. caracteris* par le fait qu'on utilise un 
35 ouul de forage (1) du genre trepan, apce a occuper selectivement trois Oats de contraction 
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radiate, a savoir un premier tot d'eocombrement minimal, lui penneoant de passer a 

rinlerieur du 110090a (2) dtja en place, un aecood Aat, d'eaoombrement intennddiaire. 

pour le forage de la partieprincipale (30) dutrou(3) et un troisieme etai, d'encombremcnt 

maximal, pour Kc forage de la partie (31) du irou (3) dea&nfe a recevoir la porttoa flargie 
5 deUpreTonxie(4). 

3 . Proo*d* aelon la revindication 1 ou % carsctens* par Ke fail que kdit 

outillage comprend unc (tie (51) a double valve (52. 53) ptacfc eo partie basse de la 

prtfame(4),etapieadi*rib^ 

prtfcrae(4)etuaciinetanttde(7)i 
10 4 . Installation de forage ct de eacarisage. dcstinde a la mise en ocnvrc du 

procA^ seloo Tune do reveodicatiocu 1 a 3, carac*ris4e par 1e fait quelle cocnprend, en 

tile du puts: 

- one bobioe (54) de atockage el de rfceptioo. a Ttot enioule\ de ladiie 

preTorme(4); 

15 - une tfcte (101) surplombant I'euwee (55) du puits, ante a pennenre le 

guidage et riniroductioa dans le puits de la prtfonnc (4) ct dcs different* ootillagef 
servant an forage do puits ainsi qu'au gooflage eta la polymerisation de la preTorme ; 

* des bofcines (56. 57) de stockage a V€m enrouW de tubes mftalliques 
elasuqucmcru deTormabks (560. 5) antes a f aire descendreel retnonter lesdits outUlagca 

20 dans le puits. Tun (5) de eei tubes coo tenant un cftble servant a I'al indentation de la 
preTorme eo courant Aecti ique ; 

- un gencratcur de eourant dectrique (59). 
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57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the bas e of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 



[vertical text in left margin:] FR 2 741 907 - Al 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WO-A-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxially abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow Fi in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 51. 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 
activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 
distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 
lowered axially into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than — 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 1 1). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
25 These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4' (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 
casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2 A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 
30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 



2741907 



This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 { Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
5 connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

10 Two rigid, abutted sections 2 A, 2B are thus obtained (figure 30). 
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CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections— or preforms— that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 
5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which — after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4'), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim I, characterized by the fact that a drill bit (I) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (3 1 ) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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Sworn to before me this 
9th day of October 2001. 

Signature, Notary Public 




OFFICIAL SEAL 
MARIA A. SERNA 

NOTARY PUBLIC 
j ui.c iof m« State of Texas 

My ctxy.ci:csion «jq>treo O3-22-20O3 



Stamp, Notary Public 
Harris County 
Houston, TX 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





